Cholesterol (C) concentrations in the two major subtractions of high-density lipoproteins (HDL2-C and HDL3-C) in sera from both sexes, ages ranging from newborns to adults, were measured by use of a micromethod for combined precipitation-ultracentrifugation.
concentration was similar in these two groups. This sexrelated difference, generally seen in adults, was found to begin at ages 11-15 y. The value of HDL2-C in females increased with age in a stepwise manner, whereas that in males increased up to ages 6-10 y but tended to decline thereafter. The HDL3-C concentration was higher in the adults than in the children. This micromethod for separating operationally defined HDL subtractions is of value for lipoprotein research in children.
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A high concentration of high-density lipoprotein cholesterol (HDL-C) in serum is well known to be associated with a lower risk of coronary heart disease (CHD) (1). Separation of HDL into its two major subfractions, HDL2 and HDL3, has revealed that the cholesterol carried by the former (HDL2-C) is particularly related to the negative risk of CHD (2). Atherosclerosis is well known to begin early in life (3), and there is increasing interest in the early primary prevention of atherosclerosis.
However, conventional ultracentrifugal separation (4) of HDL subfractions requires a large sample volume and is time-consuming; therefore, it is not suitable for epidemiological studies in children. Methods based on precipitation with polyanions have been developed, but the optimal conditions for the specific separation of the two major HDL subfractions have not yet been determined (5) .
To date, the HDL2-C concentration has not been evaluated systematically in the pediatric age group. The micromethod for combined precipitation-ultracentrifugation described by Eyre et al. (6) separates operationally defined HDL2 and HDL3 in a small volume of serum sample and in a relatively short time (3.5 h). In the present study, we used this method to measure HDL2-C and HDL3-C in sera from both sexes, ages ranging from newborns to adults. 
Materials and Methods
Preprandial serum specimens were obtained from 91 boys, 68 girls, 15 healthy men (mean age 28 y), and 14 women (mean age 28 y), none of them hyperlipidemic. Cholesterol was measured manually by an enzymatic method, with the "Cholestezyme C" reagent (Eiken Chemical Co., Tokyo, Japan), and spectrophotometrically in a Model CL 720 spectrophotometer (Shimadzu, Kyoto, Japan). We separated HDL2 and HDL3 according to the method of Eyre et al. (6) , modified as follows.
Place 100 L of a 315 g/L aqueous solution of potassium bromide into a cellulose propionate "Airfuge" tube (Beckman Instruments, Palo Alto, CA), and evaporate the solvent. After hepanin-Mm2' precipitation of the serum sample (6), transfer 175 L of supernatant fluid to the tube, mix thoroughly to give a final density of 1.125 kg/L, and ultracentrifuge Ewe used a Beckman Airfuge with an A-100/18 rotor as described in (6)]. When left for 15 mm at room temperature in a verticalposition, the lower margin of the supernate will be >9mm from the bottom of the tube, as defined by prestaiming with Fat Red 7B (Beckman). To remove the HDL3 fraction, gently aspirate 110 pL of the infranatant fluid (the volume corresponding to the 9-nun height measured as above) with a Hamilton syringe, placing the blunted tip at the center of the bottom of the tube. Measure cholesterol concentration in the whole supernate (HDL2-C); then calculate the HDL3-C by subtracting HDL2-C from HDL-C.
The selectivity of the separation of HDL2 and HDL3 by this method was confirmed electrophoretically (7) . Intraassay CVs (n = 6) for HDL2-C and HDL3-C were 3.4% and 5.9%, respectively.
Statistical significance was determined by the method of least significant difference, calculated after one-way analysis of variance. Table 1 lists, by sex, the values for HDL-C, HDL2-C, and HDL3-C in all age groups studied. HDL-C was significantly higher in both girls ages 11-15 y and women than in their male counterparts, and this was solely ascribable to the differences in HDL2-C concentrations. There was no significant sex-related difference in the younger age groups. In males, HDL2-C gradually increased up to ages 6-10 y and then declined slightly to the value for adults. In contrast, there was a stepwise increase in HDL2-C in females up to adult age. HDL3-C in males was unchanged up to ages 11-15 y, but the value for men was higher than those for the pediatric age groups. In females, the HDL3-C concentration was lower in newborns than in infants (ages 1-11 months), unchanged thereafter up to ages 11-15 y, and them slightly increased again. The sum of both subfractions, HDL-C, increased with age in females from newborns to adults and also in males up to ages 6-10 y. However, the change in males from ages 6-10 y to adult age was not reflecting a change in HDL3-C opposite that of HDL2-C.
Results

Discussion
In the original report on micro-ultracentrifugation (6), the mean value for HDL2-C in men was one-fifth that of HDL3-C. In contrast, in the present study the mean values for HDL2-C in most groups were similar to or a little higher than those for HDL3-C. The absolute mean value for HDL2-C in men in our series was threefold that in their (6) series, and our mean HDL3-C value was a little lower than theirs. When a similar method was evaluated in other previous series, the value of HDL2-C was threefold (8) and twofold (9) of that in the original report (6). It is well known that there is a wide variability in values for HDL.2-C and HDL3-C obtained in different laboratories for normal individuals (10). The normal values for both HDL2-C and HDL3-C in men that we obtained here are similar to those reported for Japanese (11) and for white persons (12). Therefore, the discrepancy between our values and those in the original report (6) does not appear to be race related or method related.
The HDL-C concentration is well established to be higher in prememopausal women than in men, and this is solely attributed to the difference in the HDL2-C concentration, the mean HDL3-C value being similar for the two sexes (13). HDL2-C concentration is well known to be modulated by sex hormones (14), and some have suggested that this sex-related difference in HDL2-C generally found in adults is developed during sexual maturation.
According
to the general concept that androgens decrease and estrogens increase HDL-C, several large-scale epidemiological studies were performed previously in an attempt to reveal the change in the HDL-C concentration in relation to hormonal or physical maturation in adolescents (15, 16). However, they failed to observe a consistent, unidirectional change in each sex. No previous study has investigated the age-related change in HDL2-C and HDL3-C from the newborn period to adulthood. The present study not only confirmed the general finding in adults, but also revealed that a similar, and smaller, sex-related difference was also the case as young as ages 11-15 y. Thus, we could demonstrate the differential age-related changes in cholesterol concentrations in individual major HDL subfractions in each sex. Among the changes observed here, the dichotomy of the changes in HDL2-C and HDL3-C in males ages 6-10 y and older obscured the age-related change in total HDL-C.
The present results suggest that separation of HDL2-C and HDL3-C in large-scale epidemiological studies in adolescents contributes to further elucidating the changes in HDL metabolism in response to sexual maturation. Although the present data are still preliminary, the technique used here is certainly of value for lipoprotein research in children.
